interest for the management of allograft recipients in whom monoclonal and polyclonal gammaglobulinaeBackground. C-reactive protein (CRP) and ferritin serum levels represent routine laboratory parameters mia are frequently observed. We therefore recommend reanalysis of the respective plasma proteins by latexin the monitoring of renal failure patients. Analysis of CRP, ferritin and other serum proteins can be per-free assays in patients with hypergammaglobinaemia showing no clinical signs of an acute infectious disease formed using latex-enhanced or non-latex-enhanced immunoassays. We report on a renal transplant patient or malignant disorder. with polyclonal IgM hypergammaglobulinaemia having markedly elevated serum CRP and ferritin Key words: latex immunoassays; hypergammagloblevels (as detected by latex-enhanced immunoassays) ulinaemia; C-reactive protein; ferritin in the absence of clinical signs of an infectious or malignant disorder. Methods. CRP and ferritin serum levels were determined with various immunoassays with and without Introduction latex enhancement. To characterize the causative agent for the elevated CRP and ferritin values, the patient's C-reactive protein (CRP) and ferritin are routine laborand a control serum were fractionated by gel filtration atory parameters in the monitoring of renal failure on a Sephacryl S-300 column. Serum fractions were patients. For quantification of CRP and ferritin a subjected to further analysis for reactivity in CRP and variety of methods such as turbidimetry or nepheloferritin assays. In addition, patient's serum samples metry have been developed. In principle all these were investigated for reactivity with various other methods use a heterologous antibody directed against latex-based immunoassays (rheumatoid factor, antis-the target protein. In order to improve sensitivity of treptolysin O, antistreptococcal DNase B).
Subjects and methods
negative, whereas IgM antibodies against Epstein-Barr virus ( EBV ) were identified for the first time. Serum IgG antibodies Patient description against cytomegalovirus (CMV ) were positive since the pretransplant period. Complement screen revealed low C3c A 63-year-old male patient was maintained on chronic (410 mg/l, normal range 500-900 mg/l ) and a low C4 haemodialysis treatment for 3 years because of end-stage (65 mg/l, normal range 100-400 mg/l ). The concentration renal failure due to focal segmental glomerulosclerosis. In of total serum protein was within the normal range (71.1 g/l, October 1994 the patient received a kidney graft which normal 65-85 g/l ), whereby the quantitative determination showed good function (serum creatinine about 133 mmol/l ). of the immunoglobulins revealed a markedly increased IgM Immunosuppressive therapy consisted of cyclosporin A, (17 200 mg/l, normal range 500-3200 mg/l ), a markedly prednisone, and azathioprine. One month later he presented reduced IgG (6650 mg/l, normal range 8000-17000 mg/l ), a with abscesses in his right and left lungs (Staphylococcus normal IgA (2420 mg/l, normal range 1000-4900 mg/l ), aureus) which responded to standard antibiotic therapy. a normal k light chain (2110 mg/l, normal range 2000-During the following months the kidney function remained 4400 mg/l ) and a slightly elevated l light chain immunostable.
globulin (2680 mg/l, normal range 1100-2400 mg/l ), sugIn August 1995 a routine laboratory examination revealed gesting the presence of a monoclonal IgMl gammopathy. markedly elevated serum levels of CRP ( 726 mg/l, normal However, no distinct band indicating the presence of a values <5 mg/l ) and ferritin ( 20 000 mg/l, normal range monoclonal gammopathy was detectable on serum protein 18-440 mg/l ) ( Table 1 ). The patient, however, presented no electrophoresis even in blood sample kept at 37°C prior to symptoms of infection, inflammation, or malignancy. The analysis. Surprisingly, the high polyclonal IgM concentration inflammation markers a 1 -acid glycoprotein and neopterin did not produce an increase of the relative c-globulin-fraction were within the normal range (a 1 -acid glycoprotein was (c-fraction from sample kept at room temperature 13.5 rel% 630 mg/l, normal 400-1200 mg/l; neopterin was 0.005 mg/l, versus 13.9 rel% from sample kept at 37°C, normal range normal values <0.01 mg/l ) ( Table 2 ). The chest and abdo-10.0-22.0 rel%), which was probably due to the low IgG men radiographs and computed tomographs did not show concentration present in the c-fraction masking the elevation evidence of lymph-node enlargements or reactivation of the of the IgM and resulting in the normal electrophoresis pattern. Furthermore, discrepancies between concentrations of immunoglobulins obtained by immunoassays and those by densitometry of the serum electropherogram could be possible. This discrepancy is a well-known phenomenon that has already been described [10] rearrangement, whereas rearrangement of the T cell receptor (normal range c chain genes was not detectable. In September 1995 the 20-500 mg/l ) patient developed a nephrotic syndrome (urine protein excretion: 18 g/24 h, serum creatinine concentrations still at 133 mmol/l ) resulting from a membranous nephropathy. Table 2 . Laboratory data of patient HG at the time ( August 1995) Proteinuria responded only slightly to treatment with an of markedly elevated serum CRP and ferritin with latex-based assays angiotensin-converting enzyme inhibitor. human-CRP IgG (Boehringer Mannheim, Germany) was S-300 ( Figure 1a-control, 1b-patient HG) . In the run on a Hitachi 747 analyser.
patient's serum no monoclonal IgMl cryoglobulin was detectable at the time of gel filtration. The elution pattern of the control serum (Figure 1a ) reflected the Analysis of ferritin serum levels decreasing molecular size of proteins from IgM to A latex-enhanced turbidimetric assay with rabbit antihuman-ferritin and CRP ( larger proteins elute earlier than ferritin IgG coated latex particles was performed on a Hitachi smaller) with peak concentrations for IgM in fraction 911 analyser.
no. 30, for ferritin in fraction no. 35 and for CRP in A non-latex-enhanced fluorometric immunoassay using fraction no. 41. In contrast, the elution pattern of the mouse antihuman-ferritin IgG as a capturer and rabbit patient's serum was markedly diÂerent (Figure 1b ) . antihuman-ferritin IgG as a detector antibody was made on IgM was eluted in higher concentration but in the an Opus plus analyser ( Behringwerke).
same position as in the control serum (fractions no. 30-31 ); the maximal concentration of ferritin as measAnalysis of rheumatoid factor, antistreptolysin O and ured by the latex assay was found in fraction no. 31 antistreptococcal DNase B with latex-enhanced assays (versus fraction no. 35 in the control serum), which represented the fraction with the highest concentration The latex-enhanced assays for analysis of antistreptolysin O of IgM; in contrast, the non-latex ferritin assay meas-( ASLO), antistreptococcal DNase B ( DNase B) and rheum-ured highest level in fraction no. 35 (identical with the atoid factor ( RF ) were made on a BNA II Nephelometer control serum). The maximal concentration of CRP as (all reagents Behringwerke). measured by latex assays was also found in fraction no. 31 (versus fraction no. 41 in the control serum), Serum protein separation by gel filtration which again represented the fraction with the highest level of IgM; in contrast, no fraction was positive for Gel filtration was carried out on a 1.6×55 cm Sephacryl CRP using the non-latex assay. With the latex-blank S-300 gel column ( Pharmacia; Uppsala, Sweden) equilibrated reagent of the nephelometric CRP assay, no signal was The patient presented with excellent kidney graft function during the first months following transplantation.
Results
Furthermore, he suÂered from a subclinical EBV infection, detected serologically about 6 months after kidney Serum levels of CRP and ferritin transplantation, at the time when serum CRP and ferritin levels were found to be falsely elevated. The The latex-enhanced CRP and ferritin assays showed slight and transient clonal cryoglobulinaemia ( IgMl) markedly elevated serum levels, whereas the results was compatible with the clonal immunoglobulin obtained by non-latex tests were all within the normal rearrangement and the clonal B-cell population range. Comparison of the results obtained by the two detected in bone marrow samples. These haematologlatex CRP assays revealed higher levels with the tur-ical findings can be interpreted as a clonal lymphocyte bidimetric than with the nephelometric assay ( Table 1) . proliferation resulting from a virus infection ( EBV and/or CMV infection), which has been described Serum levels of various proteins determined by latexpreviously in transplant patients under immunoenhanced assays suppressive therapy [11] [12] [13] . The presence of the polyclonal IgM represents the normal immunresponse to a The latex-enhanced antistreptolysin O and DNase B viral infection. assays showed elevated levels, whereas the concentration of rheumatoid factor obtained by a latex-based assay was within the normal range ( Table 2) .
Discussion

CRP and ferritin reactivity of serum fractions from gel
We report a kidney graft recipient, who presented with filtration markedly elevated serum CRP, ferritin and IgM levels, without clinical symptoms of inflammation, infection, In order to characterize the causative factor leading to the falsely elevated CRP and ferritin values obtained or malignancy. Falsely elevated levels of CRP have been repeatedly described in patients with monoclonal by the latex assays, the patient's serum as well as a control serum containing normal concentrations for gammopathy [5] [6] [7] [8] [9] . Although our patient had transiently detectable traces of a monoclonal IgMl cryoglobIgG, IgA and IgM, but high concentration for CRP= 300 mg/l ) were subjected to gel filtration on Sephacryl ulin, the disturbance of the latex based CRP and Fig. 1 . Elution pattern of a, control serum, and b, patient's serum from a Sephacryl S-300 gel column. -UV absorbance at 280 nm, -#-CRP latex (mg/l ), -CRP non-latex (mg/l ), -'-ferritin latex (mg/l, control divided by 10, patient by 100); -+-ferritin non-latex (mg/l ), … latex blank reagent (arbitrary units), -$-IgM (mg/l, control divided by 10, patient by 100).
ferritin assays was present even in the absence of the assay using the identical anti-CRP antibody (nephelometric and turbidimetric assays); (2 ) using diÂerent monoclonal IgMl cryoglobulin. Therefore we assume that not only monoclonal but also polyclonal IgM anti-CRP or anti-ferritin antibodies, the false positive reaction was exclusively recorded in test systems with hypergammaglobulinaemia can cause falsely elevated serum levels of proteins analysed by latex-enhanced latex-bound antibodies; (3) gel chromatography indicated that the interfering agent in the latex based CRP assays.
In previous studies, one mechanism resulting in high and ferritin assays was the patient's IgM, since both assays and the latex blank reagent were falsely reacting CRP levels has been shown to be due to an unspecific reaction between IgM present in the patient's serum in the fractions containing IgM and not in fractions where CRP or ferritin were normally eluted. In our and the heterologous anti-CRP antibody of the CRP assay [8 ] . As an alternative mechanism an interference study we demonstrate that the false positive reaction was present both in latex-enhanced CRP and ferritin of the monoclonal immunoglobulin, predominantly of the IgM phenotype, with latex particles, which are assays, whereby to our knowledge, a falsely increased ferritin result in patients with IgM-hypergammaglobulfrequently used as carriers for anti-CRP has been speculated [5] [6] [7] . The results obtained from the serum inaemia has not been yet described. Furthermore we found falsely elevated antistreptolysin O and antiof our patient with IgM hypergammaglobulinaemia can be considered as a proof for the latter hypothesis: streptococcal DNase B with latex-based assays in our patient (Table 2 ) . These results were not concordant ( 1) The false positive reaction was observed with the latex-enhanced assay but not with a non-latex-based with his clinical situation. Interestingly, the latex-based
